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Red SeaAbstract The level of the Egyptian Red Sea water pollution by oil was studied to assess the general
pattern of oil pollutants and to evaluate the hydrocarbon origin (anthropogenic, petrogenic or
biogenic) with emphasis on the poly aromatic hydrocarbons in surface water. The oil extracted from
the samples was analyzed by gas chromatography to determine the concentrations and distribution
of aliphatic and alicyclic n-alkanes. Results obtained indicate that most of the organic species
present in water samples consist of petrogenic hydrocarbons with additional biogenic types. High
performance liquid chromatography (HPLC) technique was used to study the poly aromatic
hydrocarbons (PAHs) ﬁngerprints of the studied water samples. The results obtained indicate the
presence of PAHs of both pyrogenic and petrogenic origins.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Petroleum hydrocarbons as priority organic contaminants are
extremely complex assemblages of chemicals coming from
various sources. Processes such as equilibrium partitioning of
different individual components between dissolved and par-
ticulate phases in sea water, photo-oxidation and biological
metabolism modify the hydrocarbons discharged to the sea.
This makes analytical quantiﬁcation and data interpretation
difﬁcult.
As demands for energy grow worldwide due to the speedup
of industrialization processes, liquid petroleum (crude oil and
the products reﬁned from it) plays a pervasive role in our mod-
ern society. For example, about 286,000 tonnes of oil and pet-
roleum products are used in Canada every day. The UnitedStates uses about 10 times this amount and, worldwide, about
12 million tonnes are used per day. Extraction, transportation,
and widespread use of petroleum inevitably result in inten-
tional and accidental releases to the environment. In addition,
natural seepage of crude oil from geologic formations below
the seaﬂoor to the sea surface also contributes to pollution
of the marine environment.
Characterization and differentiation of hydrocarbons from
different sources are an essential part of any objective oil spill
study. After oil spills, oil hydrocarbons often mix with other
background hydrocarbon sources in the impacted area. One
of the potential sources of hydrocarbons contributing to the
background is biogenic hydrocarbons. Hydrocarbons from
both anthropogenic and natural sources including biogenic
source are very common in the marine and inland environ-
ments [1,2].
Biogenic hydrocarbons are generated either by biological
processes or in the early stages of diagenesis in recent marine
sediments. Biological sources include land plants, phytoplank-
tons, animals, bacteria, macroalgae and microalgae.
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carbons from combustion sources and petrogenic hydrocar-
bons from petroleum sources. Some studies suggested that
the pyrogenic PAHs are not easily distinguished from weath-
ered petroleum PAHs [3,4] while another more recent study
indicated that the pyrogenic PAHs dominate in the sediments
[5]. The major sources for pyrogenic PAHs are expected to be
from coal burning power plant exhaust of diesel engines and
used crankcase oil. This oil is a mixture of both pyrogenic
and petrogenic PAHs and it enters these through a runoff
water treatment deposition [3,6].
PAH distributions are the most useful tool in distinguishing
pyrogenic hydrocarbons from petrogenic hydrocarbons. It has
been recognized that in general, pyrogenic PAHs are
characterized by the dominance of the unsubstituted com-
pounds over their corresponding alkylated homologs and the
dominance of the high molecular mass 4–6 ring PAHs over
the low molecular mass 2–3 ring PAHs. In contrast, petrogenic
PAHs exhibit the characteristic bell-shaped distribution
proﬁles, which readily modiﬁed the distribution proﬁle of
C0 < C1 < C2 < C3 by weathering or degradation.
2. Materials and methods
2.1. Samples collection
Samples were collected from Egyptian Red Sea coast from
Suez to Hurghada (see Table 1).
2.2. Extraction of oil from water samples
i. The samples were acidiﬁed by HCl as soon as they were
collected to adjust brine to pH = 2.
ii. 100 ml of each water sample was shaken in a separating
funnel with 100 ml of carbon tetrachloride, then drained
through a ﬁlter paper moistened with the solvent and
containing anhydrous sodium sulfate to clean dry
weighted ﬂask.
iii. Step (2) repeated twice for every 100 ml of brine until the
entire oil samples have been extracted.
iv. Carbon tetrachloride solvent was evaporated at 70 C
till constant weight.
v. After cooling in a desiccator, mg/l of oil was then calcu-
lated [7].Table 1 Position of studied water sample.
Water samples Position of water samples from Hurghada
W1 El-Samaka village in Hurghada.
W2 Grand Hotel village in Hurghada.
W3 Maruit village in Hurghada.
W4 Zeit Bay 85 km from Hurghada.
W5 Shukheir region 130 km north Hurghada.
W6 Ras-Gharb region 160 km north Hurghada
W7 Issran region 220 km north Hurghada
W8 Zafarana region 250 km north Hurghada
W9 Ain sukhna 315 km north Hurghada
W10 El asmida 35 km north SuezOil content ¼ ðA–BÞ  1000
mlofwater sample
ofmg=l
where A and B are the weight of the empty ﬂask and ﬂask con-
taining the extracted oil respectively.2.3. Gas chromatographic analysis
All the oils extracted from the studied water samples were ana-
lyzed using capillary column according to the standard test
method IP 318/75 [8]) using Agilent 6890 plus, Gas
chromatograph attached to a computerized system with the
chemstation software.2.4. High performance liquid chromatographic analysis
(HPLC)
All extracted oils from water samples were analyzed using the
HPLC technique [9].3. Results and discussion
3.1. Oil content
Oil spills cause extensive damage to marine life, terrestrial life,
human health and natural resources. It had resulted in
legal battles amounting annually to billions of dollars as
casualties and punitive payments. Therefore, to unambigu-
ously characterize spilled oils and to link them to the known
source are extremely important for environmental damage
assessment. The ﬁrst step in assessing the seriousness of oil
pollution in marine environment is determining the magnitude
of its concentration [10].
Results obtained for the quantitative determinations of oil
content in the studied water samples are shown in Table 2. It
is clear that the values of oil content range from 1.88 mg/l,
for sample No. 1 collected from El-Samaka village at
Hurghada, to 7.6 mg/l for sample No. 7 collected from
Issran. The low oil content in the touristic village is in agree-
ment with the environmental demand. The relatively high oil
content in sample No. 7 and sample No. 9 may be attributed
to some petroleum related activities present.
3.2. Gas chromatographic analysis
The oil spill identiﬁcation system currently used is largely
based on GC-FID and GC–MS techniques. Data produced
are used to compare spill samples with samples taken from
suspected sources. It is important to take into consideration
the most valuable features used for identiﬁcation (origin, type,
and degree of weathering) before discussing the examined
chromatograms [11].
The gas chromatograms for the extracted oil from sea water
samples are shown in Figs. 1–10. Studying the general charac-
teristic features of the chromatograms, provides useful infor-
mation on the origin of pollution and the degree of
weathering [12]. It is clear that all samples are contaminated
by petrogenic origin hydrocarbons (regularly spaced peaks
over well deﬁned unresolved complex mixture, UCM).
Table 2 Oil content for water samples.
Samples W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
Oil content mg/l 1.88 2.04 2.92 4.4 4.52 3.84 7.6 4.6 7 5.07
Figure 1 Gas chromatogram for extracted oil sample ‘‘W1’’.
Figure 2 Gas chromatogram for extracted oil sample ‘‘W2’’.
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ples, revealing an additional biogenic origin introduced from
phyto-plankton, zoo- plankton and benthic algae [13].
The presence of two UCMs in the majority of the samples
indicates that the pollutants originate either from mixed crude
oils or the region subjected to more than one spill.
The parafﬁnic hydrocarbons decrease regularly to different
extents indicating various degrees of weathering.
Some GC parameters are used to conﬁrm the origin of
pollutants and its degree of weathering.
3.2.1. The carbon preference index {CPI}
Biogenic hydrocarbons are characterized by a distribution pat-
tern of n-alkanes showing odd carbon numbered alkanes being
much more abundant than even carbon numbered alkanes
mainly in the range of n-C21 to n-C33 resulting in high CPI val-
ues, which are deﬁned as the sum of the odd carbon numberedalkanes over the sum of the even carbon numbered alkanes.
Petroleum oils are characterized by CPI values around 1.0
[14]. Thus from Table 3 CPI data of the sea water samples
range from 1.4 to 22.09, revealing a biogenic origin contam-
ination. But this assumption cannot be accepted by observing
the proﬁles of the chromatograms obtained which are shown
to be typically petrogenic. The presence of high concentrations
of the biogenic n-parafﬁn (n-C25) causes this confusion given
an indication of the biogenic origin .Thus the CPI values were
calculated again without taking into consideration the values
of (n-C25) peak areas. The results in Table 3 show that the cor-
rected CPI values are ranging from 0.32 up to 1.7. This indi-
cates that the petrogenic origin is mainly predominating
while little biogenic contaminations can be detected specially
that of n-C25.
CPI ¼CPIvaluewithoutthebiogenicðn-C25orn-C23Þpeak values:
Figure 3 Gas chromatogram for extracted oil sample ‘‘W3’’.
Figure 4 Gas chromatogram for extracted oil sample ‘‘W4’’.
Figure 5 Gas chromatogram for extracted oil sample ‘‘W5’’.
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Biogenic hydrocarbons are characterized by more abundant
pristane than phytane, suggesting a phytoplankton input which
results in an abnormally high pristane/phytane ratio value [15].
From Table 3 it is clear that this ratio is low, ranging from
0.13 to 1.26 predicting mainly a petrogenic contamination.3.2.3. Unresolved complex mixture (UCM)
UCM or hump of unresolved hydrocarbons is one of the more
convincing indications of the petrogenic origin and the extent
of weathering and biodegradation [16]. The chromatograms
show that the samples are characterized by measurable
amounts of the UCM hump indicating petrogenic origin and
Figure 6 Gas chromatogram for extracted oil sample ‘‘W6’’.
Figure 7 Gas chromatogram for extracted oil sample ‘‘W7’’.
Figure 8 Gas chromatogram for extracted oil sample ‘‘W8’’.
Monitoring of pollution in Egyptian Red Sea 63clearly detected weathering effects i.e. the pollution in all sites
studied seems to be due to somewhat old events.
3.2.4. Parameter detecting vaporization and dissolution
In the short term after a spill, evaporation is the single most
important and dominant weathering process, in particular
for the light petroleum products. In the ﬁrst few days followinga spill, the loss can be up 70% and 40% of the volume of light
crude and petroleum products respectively [17]. The rate at
which oil evaporates depends primarily on the oil composition.
The more volatile components an oil or fuel contains the
greater the extent and rate of its evaporation.
Also through the process of dissolution, some of the soluble
components of the oil are lost to the water column. The
Figure 9 Gas chromatogram for extracted oil sample ‘‘W9’’.
Figure 10 Gas chromatogram for extracted oil sample ‘‘W10’’.
Table 3 Prediction of biogenic and petrogenic contamination.
Samples CPI CPI* Pr/ph U/R
W1 8.26 1.19 0.5 1.39
W2 16.89 1.05 0.47 0.78
W3 22.09 0.88 0.70 0.49
W4 17.78 1.05 0.94 0.70
W5 6.83 1.30 0.99 1.30
W6 5.40 1.70 0.89 1.42
W7 8.99 0.90 1.26 1.38
W8 7.91 0.80 n.d. 4.31
W9 9.36 0.32 n.d. 0.13
W10 1.40 1.33 0.13 0.63
Note: n.d. = not detected.
CPI*: is calculated CPI without n-C25.
64 R.I. Abdallah et al.amount of the oil hydrocarbons dissolving in the water phase
from oil slicks largely depends on the molecular structure and
polarity of the oil components, and the or relative solubility in
water phase versus its solubility in oil phase.Table 4 shows that the weathering ratio (WR=
P
23–34/P
11–22) which varies from 1.53 to 19.99 indicates high weath-
ering. This can be conﬁrmed by observing the low concentra-
tions of low molecular weight n-hydrocarbons (Figs. 2–11).3.3. Parameters detecting the degree of biodegradation
Biodegradation of hydrocarbons by natural populations of
microorganisms (such as many species of bacteria, fungi, and
yeasts [13] represents one of the primary mechanisms by which
petroleum and other hydrocarbon pollutants are eliminated
from the environment [18]. The biodegradation of petroleum
and other hydrocarbons in the environment is a long term
complex process whose quantitative and qualitative aspects
depend on the type, nature and amount of the oil or hydrocar-
bons present, the ambient and seasonal environmental condi-
tions (such as temperature, oxygen, nutrients, water activity,
salinity, and pH) and the composition of autochthonous
microbial community [19].
Table 4 GC Parameters for vaporization and dissolution.
Parameter W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
<n.17 5.39 0.89 0.98 1.69 6.21 12.29 3.73 0.145 0.133 n.d.
R23–34
R11–22
4.8 16.5 19.99 13.37 3.59 2.60 7.58 14.84 12.26 1.53
Figure 11 HPLC chromatogram of ‘‘W1’’.
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attack. The biodegradation affects straight-chain n-alkanes
more than branched alkanes and alkanes more than the other
hydrocarbon classes.
Both pristane and phytane (isoprenoids) having branched
structure are relatively more resistant to biodegradation than
the n-alkanes [20]. Thus some ratios using pristane and phy-
tane were calculated (Table 5).
3.3.1. n-C17/pristane
The ratios of the samples vary as shown in Table 5 between
0.56 for water sample No. 10 to 5.86 for sample No. 2 indicat-
ing different rates of biodegradation weathering which increase
by decreasing the value [21]. This rate is in the following
sequence (see Figs. 12–20):
W2 < W3 < W1 < W4 < W6 < W5 < W7 < W103.3.2. n-C18/phytane
The values listed in Table 5 are close to each other, from sam-
ples 1 to 6 and vary from 3.15, sample No. 1, to 4.84, sample
No. 3, whereas both samples No. 7 and No. 10 show the lowest
values of 0.93 and 0.06 respectively showing high biodegrada-
tion [22]. The rate of biodegradation weathering for the
samples are:
W3 < W2 < W6 < W4 < W5 < W1 < W7 < W103.3.3. Total n-alkane/pristane
Great variation can be observed (169.40) for sample No. 5 and
1515.2 for sample No. 2 as shown in Table 5 which may reﬂect
either the difference in the weathering degrees due to differentexposure times to the environmental conditions or due to the
different origins from which the pollutants had been derived.
Also the lowest value for sample No. 10 (98.81), shows the
highest weathering degree as shown in the sequence:
W2 < W3 < W4 < W1 < W6 < W7 < W5 < W103.3.4. Total n-alkane/phytane
The observed ratios in Table 5 vary between 167.8 for sample
No. 5 and 1017.5 for sample No. 3, according to the following
sequence:
W3 < W2 < W4 < W1 < W7 < W6 < W10 < W53.3.5. Total n-alkanes/iso alkanes
The results obtained show the following sequence for increas-
ing biodegradation weathering
W10 < W9 < W8 < W3 < W2 < W6 < W7 < W4 < W1 < W5
The relatively higher differences between this sequence and
that of the other parameters are due to the differences in the
added biogenic hydrocarbons specially that of n-C25.
3.4. Comparison between the different biodegradation
weathering parameters
Except for the last parameter (Total n-alkanes/iso alkanes) the
results show relatively minor differences. This is due to that
some samples are nearly of the same weathering rate where
by the exchanging their position in the observed sequences.
Generally samples Nos. 2 and 3 are the least biodegraded
samples while sample No. 10 is the most biodegraded one.
Table 5 Effect of biodegradation on weathering.
Parameter W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
n.C17/pr 5.51 5.86 5.69 3.60 3.12 3.41 0.82 n.d. n.d. 0.56
n.C18/ph 3.15 4.13 4.84 4.03 3.62 4.14 0.93 n.d. n.d. 0.06
n-alk./pr 456.5 1515.2 1433.4 538.4 169.40 275.07 176.31 n.d. n.d. 98.81
n-alk./ph 232.2 791.9 1017.5 305.22 167.8 205.26 224.0 n.d. n.d. 181.03
n-alk/iso alk 2.75 4.98 5.51 3.98 2.69 4.53 4.15 6.84 8.5 59.85
Figure 12 HPLC chromatogram of ‘‘W2’’.
Figure 13 HPLC chromatogram of ‘‘W3’’.
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In some instances, qualitative chemical analysis and visual
comparison of chromatograms of spilled oil, suspected candi-
date sources and background materials may sufﬁciently meet
the needs of a forensic investigation [23]. However the chemi-
cal similarity, differences between spilled oils and the suspected
sources are not obvious, or a large number of candidate
sources are involved or spilled oil has undergone heavy weath-
ering and signiﬁcant alternation in its chemical composition,
the qualitative approach would be difﬁcult to deﬁne.
Therefore the quantitative ﬁngerprint analysis of degrada-
tion-resistant PAHs and biomarkers compounds must be
performed.PAH compounds are probably the most studied hydrocar-
bon group in crude oils and reﬁned products. Crude oils and
reﬁned products from different sources can have very different
PAH distributions. In addition many PAH compounds are
more resistant to weathering than their saturated hydrocar-
bons, counterparts (n-alkanes and isoprenoids) and volatile
alkyl benzene compounds [24]. This makes the PAH group,
one of the most valuable ﬁnger printing classes of hydrocar-
bons for oil identiﬁcation. PAHs have been recommended as
priority pollutants by the United States Environmental
Protection Agency (USEPA) and are target components for
study in oil contaminated sites due to their carcinogenic, muta-
genic and toxic properties. Although contamination by PAHs
can result from natural and anthropogenic processes, inputs of
Figure 14 HPLC chromatogram of ‘‘W4’’.
Figure 15 HPLC chromatogram of ‘‘W5’’.
Figure 16 HPLC chromatogram of ‘‘W6’’.
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spill, off-shore production, transportation and combustion
are very signiﬁcant and pose serious threats to coastal habitats
and mangroves [25].
High performance liquid chromatography technique is very
useful in the ﬁeld of analysis of PAHs. The concentrations of
individual PAHs in the studied water samples as shown inTable 5 range from 185.00 to 1699.12 lg/g in W9 and W3
respectively. The obtained results show the absence of di-,
tri- and some tetra-aromatics, showing the extend of weather-
ing which is revealed in samples W5,W6,W8 and W9 as weath-
ering causes the lighter PAHs, more soluble compounds, to
decrease relative to the heavier, less water soluble ones. The
rate of PAH weathering decreases with increasing number of
Figure 17 HPLC chromatogram of ‘‘W7’’.
Figure 18 HPLC chromatogram of ‘‘W8’’.
Figure 19 HPLC chromatogram of ‘‘W9’’.
68 R.I. Abdallah et al.rings. Fortunately, some PAHs, such as certain phenanthrenes
and dibenzothiophenes, weather at the same rate. This means
that their relative abundance can be used for identiﬁcation and
quantitative purposes.All samples are characterized by the presence of high
molecular weight tetra-, penta- and hexa-aromatic rings, (10
HPAHs).These compounds are [26]. Only samples W1, W3,
W4, W7 and W10 are characterized by the presence of low
Figure 20 HPLC chromatogram of ‘‘W101 ’’.
Table 6 Concentration of individual PAHs in the oil extracted from water samples.
Ring No. PAHs W1 W2 W3 W4 W5 W6 W7 W8 W9 W10
2 Rings Nap. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 Rings Ace.
F.
Phe.
Ant.
n.d.
376.22
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
164.79
84.81
n.d.
57.74
n.d.
n.d.
8.73
57.74
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
192.79
460.89
36.80
7.70
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
2.26
Total 376.22 n.d. 294.84 66.47 n.d. n.d. 698.18 n.d. n.d. 2.26
4 Rings Flu
Pyr.
BaA.
Chr.
n.d.
n.d.
35.96
24.81
n.d.
21.67
50.02
18.12
248.51
196.17
270.85
13.46
n.d.
n.d.
6.43
10.90
n.d.
81.38
18.73
29.65
114.79
n.d.
7.63
10.52
401.13
154.99
n.d.
61.58
23.17
154.99
n.d.
61.58
n.d.
25.45
1.22
5.57
38.63
14.98
238.62
29.33
Total 60.77 89.81 728.99 17.33 129.76 132.94 617.70 617.70 32.24 322.06
5 Rings Bbf
BkF
BaP.
BahA
26.11
89.82
33.81
n.d.
232.73
n.d.
361.39
108.23
279.61
n.d.
203.22
130.89
0.872
24.27
52.46
98.24
5.35
n.d.
6o9.51
62.57
18.24
6..29
211.66
13.72
1.44
48.01
76.02
n.d.
1.24
126.75
240.08
341.78
11.37
3.13
67.49
16.32
7.95
18.89
n.d.
16.14
Total 149.73 493.34 613.70 175.84 677.43 249.91 125.47 709.86 98.31 36.98
6 Ring BP
IP
58.51
81.76
304.50
36.52
61.58
n.d.
n.d.
19.00
535.58
182.26
176.23
41.99
21.60
39.33
n.d.
83.13
n.d.
54.45
n.d.
n.d.
Total 140.27 340.87 61.58 19.00 717.81 218.2
2
60.93 83,13 54,45 n.d.
Total PAHs 727.09 924.17 1699.1 279.58 1525 601.07 1502.3 943.67 185.0 316.3
n.d. = not detected.
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2.26 lg/g, in sample W10, to 698. 18 lg/g in sample W7.3.5.1. Distinguishing between pyrogenic and petrogenic origin
PAHs
PAH distributions are the most useful tool in distinguishing
pyrogenic hydrocarbons from petrogenic hydrocarbons. It
has been recognized that in general, pyrogenic PAHs are
characterized by the dominance of the unsubstituted com-
pounds over their corresponding alkylated homologs and the
dominance of the high molecular mass 4–6 rings PAHs over
low molecular mass 2–3 rings PAHs. Table 6 shows the pres-
ence of pyrogenic PAHs in samples W1, W3, W4, W7 and
W10 mixed with petrogenic origin PAHs which are abundantin lower molecular weight compounds (LPAHs) and which
are readily affected by weathering or degradation [27]. Thus
all studied sites are contaminated by either pyrogenic or
degraded petrogenic. It seems possible that the LPAHs were
completely degraded in samples W2, W5, W6, W8, and W9.
A less subjective approach to investigate sources can be
achieved using molecular indices based on ratios of selected
PAH concentrations [28]. They were chosen according to their
thermodynamic stabilities. Among the three ring isomers,
phenanthrene is thermodynamically more stable than anthra-
cene and among the four-rings isomer Fluoranthene is
thermodynamically less stable than pyrene.
Petrogenic favors the formation of thermodynamically
stable PAHs, while pyrolysis at high temperature generates
the less stable isomers. Thus phenanthrene/anthracene
Table 7 PAHs parameters used to detect the origin of PAHs.
Sample Phe/
Ant
Flu/
Pyr
BaA/
Chr
BaP/
DahA
6LAHs 10HPAHs
W1 n.d. n.d. 1.45 n.d. 376.2 652.48
W2 n.d. n.d. 2.76 3.34 n.d. 583.98
W3 n.d. 1.27 20.12 1.55 294.84 1404.3
W4 0.15 n.d. 0.59 0.53 66.47 279.64
W5 n.d. n.d. 0.63 9.74 n.d. 1525.05
W6 n.d. n.d. 0.73 15.43 n.d. 850.97
W7 4.78 2.59 n.d. n.d. 698.3 802.14
W8 n.d. n.d. 1.86 0.70 n.d. 943.66
W9 n.d. n.d. 0.22 4.14 n.d. 188.69
W10 n.d. 2.58 8.00 n.d. 2.26 359.04
70 R.I. Abdallah et al.(Phe/Ant) and Fluoranthene/Pyrene (Flu/Pyr) have been used
to distinguish between pyrolytic and petrogenic origin of
PAHs where (Phe/Ant) ratios higher than ten are seen in
petroleum inputs while values lower than ten are characteristic
of pyrogenic source .
Table 7 shows that (Phe/Ant) ratio for samples W4 and W7
is less than ten indicating mainly pyrogenic origin. The ratios
of Fluoranthene/Pyrene (Flu/Pyr) also indicate the origin of
PAHs. A predominance of Fluoranthene over Pyrene, is char-
acteristic of pyrolytic sources, while in PAH petrogenic origin,
pyrene is more abundant than Fluoranthene. Table 6 shows
that PAHs of samples W3, W6, W7, W8 and W10 have mainly
pyrogenic origin while samples W2, W5 and W9 have mainly
petrogenic.
Also Benzo(a)anthracene over Chrysene (BaA/Chr) ratio
can be used to distinguish between petrogenic and pyrolytic
origin of PAHs [11]. This ratio supports the pyrogenic origin
of PAHs in sample W3 (BaA/Chr. = 20.12).
4. Conclusions
– The low oil content in the touristic village is in agreement
with the environmental demand. The relatively high oil con-
tent in sample No. 7 and sample No. 9 may be attributed to
some petroleum related activities present.
– From GC parameters studied, it is clear that the petrogenic
origin is mainly predominating while little biogenic contam-
inations can be detected specially that of n-C25.
– The presence of two UCM in the majority of the samples
indicates that the pollutants originate either from mixed
crude oils or the region subjected to more than one spill.
– The parafﬁnic hydrocarbons decrease regularly to different
extents indicating various degrees of weathering.
– Polyaromatic hydrocarbon ﬁngerprint PAHs of samples
W3, W6, W7, W8 and W10 show mainly pyrogenic origin
of hydrocarbons while samples W2, W5 and W9 show
mainly petrogenic origin.
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